For the High Energy Density Instrument (HED) at the European XFEL a hard x-ray split-and-delay unit (SDU) is built covering photon energies in the range between 5 keV and 24 keV. This SDU enables time-resolved x-ray pump / x-ray probe experiments as well as sequential diffractive imaging on a femtosecond to picosecond time scale. The set-up is based on wavefront splitting that has successfully been implemented at an autocorrelator at FLASH. The x-ray FEL pulses will be split by a sharp edge of a silicon mirror coated with Mo/B 4 C and W/B 4 C multilayers. Both partial beams then pass variable delay lines. For different photon energies the angle of incidence onto the multilayer mirrors is adjusted in order to match the Bragg condition. Hence, maximum delays between +/-1 ps at 24 keV and up to +/-23 ps at 5 keV will be possible. Time-dependent wave-optics simulations are performed with Synchrotron Radiation Workshop (SRW) software. The XFEL radiation is simulated using the output of the time-dependent SASE code FAST. For the simulations diffraction on the edge of the beam-splitter as well as height and slope errors of all eight mirror surfaces are taken into account. The impact of these effects on the ability to focus the beam by means of compound refractive lenses (CRL) is analyzed.
INTRODUCTION
In this paper a novel x-ray split-and-delay unit based on wavefront beam splitting and multilayer mirror coatings is described. It covers photon energies between hν = 5 keV and hν = 24 keV. With this spectral range the SDU will enable jitter-free hard x-ray pump/ hard x-ray probe experiments at the High Energy Density Instrument (HED) [1] at the SASE 2 undulator of the European XFEL [2] . In the hard x-ray regime single coatings at grazing angles larger than θ = 0.2° show a high absorbance and a small reflectivity. Thus, multilayer mirrors are utilized in order to facilitate sufficiently large incident angles corresponding to maximum possible delays in the picosecond range. The x-ray pulses are split at a sharp edge of a wavefront beam-splitter and then propagate through two delay branches with adjustable optical path lengths. For the XUV and soft x-ray spectral regime a similar set-up with carbon coatings instead of multilayer mirrors has been integrated into the FLASH SASE FEL [3] . With this device the spatio-temporal coherence properties [4, 5] as well as the pulse duration [6] of a soft x-ray FEL have successfully been measured for the first time. Further, ionization dynamics in expanding clusters [7] and in iodine molecules [8] have been investigated by XUV pump / XUV probe spectroscopy, the ultrafast heating of hydrogen has been studied [9, 10] , and femtosecond sequential imaging has been realized for the first time [11] . The new SDU at the HED Instrument at the European XFEL will enable similar experiments in the hard x-ray spectral regime. In order to evaluate the influence of the device on experiments with focused hard x-ray pulses, time-dependent waveoptics simulations have been performed by means of Synchrotron Radiation Workshop (SRW) software for SASE 
MECHANICAL LAYOUT
The projected sub-fs resolution as well as the essential pointing stability of the partial beams demand for a substantial mechanical stability of the 6 m long construction. A picture of the SDU during the construction phase is shown in figure  2 . An intrinsic mechanical stabilization of the entire system is achieved by increasing the stiffness of the whole system. Thereby vibrations are significantly reduced. To ensure the mechanical sturdyness all components are mounted inside an optical bench which consists of an octagonal structure made out of stainless steel. The FEL beam is divided geometrically and both partial beams travel along two paths whose lengths can be adjusted. The pathlength difference of one beam with respect to the other and in consequence the temporal delay is changed by moving the mirrors of both arms along guide rails. These rails are supported by stainless steel frames. The mirrors are mounted to girders that are moved along the guide rails by means of recirculating ball drives. Since the grazing angles of multilayer mirrors depend on the photon energy, an adjustability of the angle of incidence is required. In order to adjust the correct angles for different photon energies all mirrors are turnable and the angle of the guide rails is variable. The mirror mountings posses stepper motor drives with an angular precision of better than Δα = 1 µrad. By moving the mirror the path length which the beam travels along the hypotenuse instead of the (shorter) adjacent of a triangle is varied, compare Fig. 1 . To obtain the designed sub-100 attosecond resolution of the delay this longitudinal motion of the mirrors has to be very precise. At a grazing angle of θ = 0.57° (for hν = 20 keV) a movement of the mirror of Δl = 10 µm results in a pathlength difference of the light of 1.9 nm which corresponds to a temporal delay of Δt = 6 as. If the grazing angle is θ = 1.83° (for hν = 5 keV) the corresponding delay for a movement of Δl = 10 µm is Δt = 100 as.
When the delay is changed by moving the mirrors an angular error of the mirrors on the order of Δθ = 5 µrad occurs due to the interaction of the bearing balls with the guides rails This error is compensated by means of an active tracking system. To achieve this the angle of the mirror at the current position is measured by a three-axis interferometer and corrected by a piezo actuator. In order to provide the experiments with an unaffected XFEL beam the whole optical bench can be moved horizontally so that the beam does not hit any mirror of the SDU. It is possible to choose between different mirror coatings by moving the whole set-up horizontally. For two-color experiments with fundamental and third harmonic radiation a third coating has been applied on the mirrors S1 and S8 because these two mirrors will have to reflect both photon energies at the same Bragg angle. Since this is not possible with a single coating, a novel two-color multilayer Bragg mirror has been developed [14] . This mirror consists of a Si substrate that is coated with two different types of multilayer systems, n = 120 Mo/B 4 C layers with a periodicity of d = 3.2 nm directly on the substrate and n = 4 Ni/B 4 C layers with a periodicity of d = 11.85 nm on top. Fundamental radiation with photon energies between 3 keV and 9 keV is reflected by a Ni/B 4 C multilayer system while the third harmonic (9 keV < hν < 20 keV) passes this system and is reflected by the Mo/B 4 C multilayers. The reflectance of this novel two-color hard x-ray multilayer Bragg mirror has experimentally been evaluated at the ESRF. The reflectance amounts to R = 0.73 and R = 0.78 for the fundamental photon energies at hν = 5 keV and hν = 6 keV, respectively. For the corresponding third harmonic radiation reflectances of R = 0.70 and R = 0.75 at hν = 15 keV and hν = 18 keV were determined.
Mirror substrates
For the simulations the knowledge of the mirror profiles is required in order to evaluate the impact of figure deviations on the wave front of the XFEL pulse. For this purpose the mirrors were inspected by use of the Nanometer Optic component measuring Machine (NOM) [15] at the BESSY-II metrology laboratory at HZB in Berlin. The NOM allows a precise measurement of such optics by use of slope measuring deflectometry with sub-nm precision [16] and a spatial The l = 120 m to-valley erro
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CONCLUSION
A new split-and delay-unit for the European XFEL is built for photon energies between hν = 5 keV and 24 keV. This SDU will serve the users with two time-delayed x-ray pulses for x-ray pump / x-ray probe experiments and it will enable a characterization of the temporal properties of the XFEL. Multilayer coated mirrors are used in order to provide sufficiently steep angles to enable maximum delays between Δt = 1.0 ps at hν = 24 keV and Δt = 23 ps at hν = 5 keV. The impact of optics imperfections on the spatial intensity properties of focused XFEL pulses is evaluated by means of wavefront propagation simulations that are performed with SRW and WPG framework.
